Rationale and Objectives. The aim of this study is to determine the effect of needle size on the diagnostic yield and complication rate of lung nodule biopsy. Materials and Methods. A total of 209 patients are included in a retrospective study. All patients underwent a needle lung biopsy under computer-tomography-guided guidance. Multiple different needle gauges are used in this study. Results. We found no correlation between the gauge of the needle and the incidence of complications or diagnostic yield associated with lung nodule biopsy. However, there was a statistically significant difference in the number of needle passes and the gauge of the needle (P < .01). Conclusion. Using a larger gauge needle does not correlate with an increase in complication rate. However, there is a statically significant decrease in the number of needle passes using a larger gauge needle. While the diagnostic yield comparing small gauge needle and large gauge needle was not statistically different, this lack of difference in yield could be related to the difference in number of passes. The use of larger needle is likely to decrease number of passes, thereby resulting in decreased procedure times.
Introduction
The lung and the bronchus constitute a site with the second highest incidence rate of invasive cancer in males and females; furthermore, cancer involving the lung and bronchus is the leading cause of cancer deaths in the USA [1] . Accurate diagnosis of pulmonary lesions is vital for detecting lung cancer because of its high mortality. Percutaneous CTguided needle lung biopsy has a high diagnostic accuracy and is a well-established procedure for obtaining a cytological evaluation of pulmonary nodules [2, 3] . Factors affecting diagnostic accuracy are lesion size, immediate on-site sample evaluation by a cytologist, and technique, including type of biopsy device [4] [5] [6] [7] [8] [9] [10] . A previous study has shown core biopsies to be a more accurate method of tissue sampling without increasing risk of complications when compared to fine-needle aspiration [11] . The major complication of percutaneous lung biopsy is pneumothorax, which has been reported to occur between 9% and 44% [5, [11] [12] [13] [14] . Reported risk factors for pnuemothorax are lesion depth, angle of needle path, and the number of needle passes. A short depth and a needle path that is near perpendicular to the pleura have been associated with reduced incidence of pneumothorax [15] . Other procedural factors such as increasing the number of needle passes or the use of larger needle sizes are not associated with an increase in the rate of pneumothorax or chest tube placement [3, 16, 17] . When analyzing diagnostic yield and complication rate of CTguided lung biopsies, studies have reported data using coaxial cutting needle systems or fine-needle aspiration. The aim of this study is to determine the effect of needle size on the cytological yield and the complication rate.
Materials and Methods
Two hundred and ninety-two adult patients were referred for CT-guided lung biopsies between 1/1/03 and 7/15/07. Patients who underwent core needle biopsy or whose data was incomplete were excluded. The remaining 209 patients were included in this study. WinSTAT for Microsoft Excel (version 2006.1) was employed for statistical analysis of the data. Correlative statistics were performed using a Spearman's rank correlations. The average age of the study subjects was 65.7 ± 13 years, and the cohort consisted of 119 2 ISRN Pulmonology males and 90 females. Using similar technique, three separate experienced radiologists performed lung biopsies; all needle gauges were determined by the radiologist performing the procedure at the time of the biopsy.
Patients were placed on the CT table in a prone, supine, or decubitus position. A CT scan of the thorax was performed. A needle path that would avoid ribs and vascular structures was planned. Each needle path was chosen to have the shortest possible depth and the most perpendicular angle to the pleura. The skin entry site was marked using a laser grid system. The entry site was cleaned and prepped in the usual sterile fashion. Local anesthesia was administered using 1% lidocaine. An 18, a 19.5, or a 21 gauge Percucut biopsy needle (E-Z-EM. Inc, Lake Success/NY/USA) was advanced under CT guidance to the edge of the lesion. Breath-holding technique was employed while crossing the pleura. After each biopsy, the sample was handed to the on-site cytologist for evaluation of sample yield. Repeat passes were performed as needed.
A positive cytology result was considered for any cytology that was definitively diagnostic.That is, malignant, nonsmall-cell lung carcinoma, squamous carcinoma, or adenocarcinoma were considered positive result. A non-diagnostic results was any report which did not have these phrases; for example, highly suspicious, atypical, and not able to exclude carcinoma were all considered nondiagnostic.
A postprocedure CT scan and chest radiograph were performed on all patients. Small pneumothoraces were managed conservatively with monitoring of vital signs and followup chest X-rays. Pneumothoraces that caused respiratory distress were managed by placement of a pleural catheter and admission to an inpatient service.
In this retrospective study, each biopsy procedure was reviewed on our IntegradWeb picture archiving and communication system workstation (GE Healthcare, Waukesha/Wis/USA) and the radiology information system. The size of the lesion, the angle of inclination of the needle, the number of passes through the pleura and the gauge of the needle were determined. The distance of the lesion from the pleura, was determined by using the actual path of the needle rather than the shortest possible route. Approval for this retrospective study was obtained from the Institutional Review Board.
Results
Of the 209 patients, 88 biopsies (42.1%) were performed with an 18 gauge needle, 17 biopsies (8.6%) were performed with a 19.5 gauge needle, and 104 biopsies (49.7%) were performed with a 21 gauge needle. A pneumothorax was found in 30.1% of patients. Most of these were small and did not require an intervention. Figure 1 illustrates a typical small pneumothorax which was managed conservatively. The rate of chest tube placement was 4.6% (Table 1 ). The average depth of the lesions was 1.7 cm (±1.7 cm 95% CI), with minimum 0 cm and a maximum of 8 cm. The average size of the lesions biopsied in this cohort was 3.1 cm (±2.1 cm 95% CI), with minimum of size of 0.8 cm and a maximum of 16 cm. The mean angle of inclination was 71.2 degrees (±15 degrees 95% CI). There was no significant correlation between needle's gauge and number of complications (P = .18). Fewer passes were performed with an 18 gauge needle to a 21 gauge needle, with 1.8 ± 0.14 (95% confidence interval) passes, and 2.5 ± 0.3 (95% confidence interval) passes, respectively ( Table 2 ). The cytology reports revealed malignancy in 171 cases (81.8%). An additional 18 cases were definitively diagnosed as benign or showed lack of growth or completely regressed after being followed up for at least one year. This increases the diagnostic cytological yield to 189 cases (90.4%). Twenty cases were nondiagnostic at cytology; of these, 15 were later diagnosed as non-small-cell lung carcinoma, 4 as lymphoma, and 1 as a typical carcinoid. The remaining three lesions were metastatic breast cancers, pancreatic carcinoma, and a plasmacytoma. There were no known false positive cases (Table 3) . There was no significant correlation between needle's gauge and number of complications (P = .18). Fewer passes were performed with an 18 gauge needle to a 21 gauge needle, with 1.8 ± 0.14 (95% confidence interval) passes, and 2.5 ± 0.3 (95% confidence interval) passes, respectively. This difference was statistically significant by a Spearman's rank correlation with a P < .01, see Figure 2 . A single pass was required in 56.8% of biopsies when an 18 gauge needle was used. In contrast, only 19.6% of biopsies were performed with one pass using a 21 gauge needle, see Figure 3 . There was no significant difference between the needle gauge and the cytological yield (P = .49). There was no correlation between the number of passes and the complication rate (r 2 = 0.16).
Discussion
The sensitivity of lung biopsy in this study was 90.4%, which is comparable to other studies [3] [4] [5] 11] . This high sensitivity adds support to the efficacy of CT-guided needle biopsy for evaluation of pulmonary nodules in the presence of on-site cytologist. One of the major complications associated with lung biopsy is pneumothorax. The frequency of pneumothorax (30.1%) and chest tube placement (4.6%) in our study conforms to ranges reported by other studies [5, 11, 13] . Prior studies have suggested that many factors influence the diagnostic yield of lung biopsies. This study did not find correlation between the depth of the lesion, the size of the lesion, the angle of inclination, and the gauge of the needle with the diagnostic yield. There are many potential reasons for these findings; one is a population bias. In this cohort, most lesions were larger than one centimeter. Ng et al. [18] reported a decrease in pathological yield in lesions less than one centimeter. No association between the needle's gauge and the incidence of complications was found in this study.
Comparing the number of needle passes with the gauge of the needle, there is a significant difference. The majority of cases performed with an 18 gauge needle required only a single pass for obtaining a cytological diagnosis while less than a 20% of the cases performed with a 21 gauge needle were performed with a single pass. The large gauge needle resulted in a diagnostic cytology with fewer passes compared to smaller gauge needle. We reason that this lower number of passes would likely decrease procedure time without compromising the yield or the safety of the procedure based on our results, and, therefore, the use of larger gauge needle is supported. There are multiple studies that have shown core biopsies to be superior to fine-needle aspiration biopsies [2, 10, 11] . The exact reason for the superior rate of yield with core biopsy has not been determined. We speculate that the gauge of the core needles-typically 17 to 19 gaugescould be one of the reasons for superior cytological yield. This would explain the finding of this study. Additionally, core biopsies allow multiple passes to be performed without additional pleural transgressions.
The conclusions drawn from the present study are limited by a number of factors. One limiting factor is the population sample analyzed in this study. Of the 292 patients who were referred for lung biopsy, 83 were excluded due to incomplete records or having a core biopsy performed; this resulted in a smaller population size and possibly a skewed sample. Core biopsies were excluded to avoid bias on the part of the cytologist from knowledge of the surgical pathology. Patients included in this study were more likely to have a lung malignancy as observed by the small number of benign diagnoses in our study. There may have been falsepositive malignant diagnoses if the cohort included more benign lesions. In addition, this was a retrospective study and, therefore, the radiologist performing the procedure may have selected the needle gauge based on characteristics of the lesion rather than in a systematic manner, which would lead to compounding factors. A randomized study with a larger sample size will be more accurate for assessing the association of needle gauge with the number of passes to achieve similar yield rate. Finally, the gauge of the needle used for each procedure was not determined in a rigid manner, thus introducing a potential bias.
Our data showed that the use of 18 gauge needle for lung biopsy is associated with fewer passes, similar complication rate, and equivalent diagnostic yield when compared to smaller gauge needle. We believe that our data supports the use of larger gauge needle for lung nodule biopsy as this practice would decrease procedure time.
